Mobile phone 0046 70 395 90 01 2 ABSTRACT Aim: This study compared daily activity energy expenditure (AEE) in children with cerebral palsy with a control group and investigated whether the children achieved healthy levels of physical activity.
INTRODUCTION
Physical inactivity is a global problem in modern society and it has been shown to lead to serious health problems (1) . It is associated with illness in children and it is involved in the development of type 2 diabetes and cardiovascular disease (2) . In contrast, healthy levels of physical activity promote good physical health and are important for normal growth and the development of motor skills (3) . According to the Nordic Nutrition Recommendations (NNR), children should accumulate 60 minutes daily of physical activity at a moderate to heavy intensity level (4) . Moreover, research has shown that physical activity improves children's self-esteem, social interactions and weight control and reduces stress (5).
Ideally, daily energy intake should correspond to total energy expenditure (TEE), which is the sum of an individual's basal metabolic rate (BMR), their daily activity energy expenditure (AEE) and their diet-induced thermogenesis (DIT). Of these three components, DIT accounts for about 10% of the TEE (4) . The BMR is also relatively stable and it can be estimated based on an individual's age and weight, for example using the Schofield equation. These estimations have been found to be in good agreement with measurements by indirect calorimeter and the Schofield equation is commonly used in children (6) . Therefore, the daily AEE directly affects TEE and the more we know about an individual's daily AEE, the better our recommendations to balance their energy expenditure and energy intake will be.
Several studies have shown that inactivity in children with cerebral palsy is substantial (7, 8) , but little is known about their daily AEE and it is essential to investigate whether they reach a sufficient level of physical activity and balanced energy intake. Cerebral 4 palsy is defined as a group of permanent neurological motor disorders, limiting physical activity. These non-progressive disturbances occur in the developing fetal or infant brain (9) .
Motor function is affected to different degrees, depending on the extent of the neurological impairment (10) and individual functional level can be classified using the Gross Motor Function Classification System (11) . Motor impairment in combination with decreased physical fitness due to inactivity will affect these individuals' ability to engage in daily activities and this may lead to various secondary conditions, such as fatigue and pain (12) .
These problems also seem to increase with age, especially for girls who are less active than boys regardless of age or ethnicity (13) . Children with cerebral palsy often suffer from feeding difficulties and medical problems during childhood. This can have an impact on the parental burden and may interfere with time spent on physical activity (9) . Moreover, a common problem for children with cerebral palsy is the lack of available adjusted physical activities at a sufficiently moderate to heavy level (14) .
In children with cerebral palsy, energy expenditure is increased during physical activity in comparison to controls (15, 16) , which could lead to the assumption that they also achieve high daily AEE and healthy levels of physical activity.
Physical activity can be quantified by self-reports such as diaries and questionnaires, which are indirect methods, or direct methods such as heart rate monitoring, pedometers and accelerometers (17) . Health professionals' recommendations for physical activity to promote health in children with cerebral palsy are usually based on indirect methods, such as information given by the child or caregivers and not on any objective investigation of the child's daily AEE (17) . It is unclear how well one can assess whether the individual has achieved a satisfactory physical activity level based on self-reports.
Triaxial accelerometers have been shown to provide the best assessment of activity and oxygen consumption of the three direct methods listed above (18) and placing the accelerometer on the lower extremities has been shown to effectively capture daily physical activity (19) .
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To promote health in children with cerebral palsy there is a need to explore suitable methods for valid and reliable measurement of physical activity. The aims of this study were to compare daily AEE between children with cerebral palsy and a control group by a direct and indirect method and in addition to investigate whether the children achieved healthy physical activity levels according to the NNR (4).
METHODS
The approach was a descriptive and comparative study in children with cerebral palsy and a 
Participants
We enrolled 16 children, eight with cerebral palsy and eight controls matched for age and gender to the study. Children with cerebral palsy were recruited by the first author (LBT) as a convenience sample in conjunction with treatment sessions at a local rehabilitation centre.
Inclusion criteria were that the children and their families had given informed consent, the children were able to walk for 10 minutes with or without a walking aid, they could understand given instructions, had a body mass index (BMI) within +/-2 standard deviation (SD) of mean BMI adjusted for age according to Karlberg (20) and were in good health on the day of examination. Seven children in the study group were diagnosed with bilateral cerebral palsy at level II or III according to the Gross Motor Function Classification System (11) and one presented with the same motor impairment after traumatic brain injury. The control group was recruited from the families of colleagues and friends. The children were seven to 12 years of age and there were five boys and three girls in each group. All families were approached in person and given an information letter. If a signed consent form was sent back an appointment was arranged.
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Procedures
The children arrived at the Clinical Nutrition and Metabolism Laboratory between 8am and 9am on a weekday between Monday and Thursday. They had all been fasting since midnight. First, they were asked about their health status and their body weight and height were registered. Children with cerebral palsy were measured supine and the others were standing. The children were given the option to watch a movie while their BMR was measured by indirect calorimeter (Vmax Encore, SensorMedics, CareFusion Corp., San Diego, California, USA). Instructions were given on how to do the self-reporting in the diary and the child and family practiced self-reporting by retrospectively entering all activity since the child got out of bed that morning. The activities were categorised into nine levels, ranging from one for sleep and rest to nine for maximal physical activities. The diary was then continued for the rest of the day and for two more consecutive days with support from adults at home or in school. The diary had previously been validated by the doubly labelled water method in adolescents and provided a close estimation of the TEE (21).
Finally, the accelerometers were applied to the wrist of the writing hand and the right ankle for the controls and on both wrists and ankles for the children with cerebral palsy to enable comparison between the two sides. Data were collected by measuring counts at 15-second intervals for three days. Individual daily energy expenditure was calculated as the measured BMR (BMR m) added to the daily AEE measured by the ankle accelerometer or the two accelerometers in the case of the study group. These results were compared with the daily energy expenditure values based on the estimated BMR, based on the Schofield equation, and estimated daily AEE, based on the diary. The light and heavy activity level were set at 30 kJ/kg/24h below or above the moderate level according to the NNR (4).
The sensitivity of the Actical accelerometer (Mini Mitter Co., Bend, Oregon, USA) was set to collect movements in the 0.5-to 3-Hz range. Cut-off points for registered activity counts, depending on placement, height, length of bone, and step frequency, have been published for children from eight to 17 years of age (22) .
Statistical analysis
Due to the small sample size, the Mann-Whitney U test without continuity correction was used to test for differences between groups. The two comparisons of daily AEE between the children with cerebral palsy and controls, measured by the ankle accelerometers and diaries, were considered to be the primary analyses and adjustment for multiple testing was carried out according to Holm (23) . Other comparisons were considered to be exploratory and no adjustment for multiple testing was carried out. Two children with cerebral palsy were excluded from the analysis of the accelerometer data because they refused to wear them. A sensitivity analysis due to these missing values was carried out by imputing data from matched controls. One child with cerebral palsy wore the wrist accelerometers for two days instead of three and these data were included, but no adjustments were made in the analysis. Results from the different methods for assessment of daily AEE were compared using the Wilcoxon matched pairs test. Significance was set at the 5% level. Statistica 11 (StatSoft Inc., Tulsa, Oklahoma, USA) was used for the statistical analysis.
RESULTS
There was no missing data in the diaries, which enabled us to compare all eight children in each group. Two children in each group had removed the accelerometers during swimming.
The AEE for this activity was calculated from the diary and used to complete the accelerometer data. There was no difference between the measured and calculated BMR within and between the groups (Table 1) .
There was a lower daily AEE in the group with cerebral palsy compared to the control group, irrespective of method (Table 2 ). When we compared the daily AEE measured by the ankle accelerometers, the study group's results were on average 2,092 kJ/24h (498 kcal/24h) lower than the controls. Similarly, the study group had lower daily AEE values based on the diary and the average difference was 1541 kJ/24h (367 kcal/24h) between groups.
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None of the children with cerebral palsy reached the moderate or heavy level of physical activity, as measured by the accelerometers, and only five children in the control group did. On the other hand, four children in the study group and seven in the control group reported reaching these recommended levels in their diaries. The individual results are shown in the Appendix S1.
Comparison of methods
The average daily AEE was 1,205 kJ/24h (287 kcal/24h) (p=0.001) higher in the diaries than the measurements obtained by the ankle accelerometers. In contrast, no differences between daily AEE based on the diaries and the wrist accelerometers were found. When we compared the discrepancy between the measured and reported daily AEE, there was no difference between the groups and the respective findings were: 1,252 kJ/24h (298 kcal/24h) (p=0.028) and 1,172 kJ/24h (279 kcal/24h) (p=0.017).
DISCUSSION
Children with cerebral palsy had significantly lower daily AEE levels, based on accelerometer measurements and diaries, than their age and gender-matched controls, indicating lower levels of physical activity. Self-reports in the diaries overestimated daily AEE when they were compared with the measurements from the ankle accelerometers. Neither of the children with cerebral palsy or the children in the control group achieved healthy physical activity levels.
The results are in line with other studies that revealed low levels of physical activity in children with cerebral palsy (7, 8) .
Ankle accelerometer measurements showed a lower daily AEE than the diary.
Assuming that the accelerometers placed on the ankles provided a more objective method and measured low-intensity physical activity accurately (19) , the diary appeared to overestimate daily AEE. Overestimated self-reports of physical activity have previously been reported (18, 24) . The observation that participants in both groups overestimated both the grade of intensity and the duration of the activity could raise questions about the general 9 fitness of the control group. Notably, daily AEE measurements showed that the control group did not achieve the recommended level of physical activity during the study either. Other possible explanations for the difference between the diaries and the accelerometers could be that participation in the study heightened awareness of physical activity, but also that the devices could have affected the study subjects' perceptions as well as changed their habitual activity patterns. The subjects reported that they were more encumbered by the diaries than the accelerometers. Furthermore, the accelerometers were not accepted by two of the children with cerebral palsy. A more thorough introduction or wearing fewer than four accelerometers could have had a less severe effect on the group with cerebral palsy. It is important to be aware of the weaknesses of indirect methods in order to avoid false optimism in efforts to increase physical activity to recommended levels.
The number of measured days might not represent the child's actual physical activity since this varies over time and between seasons (13). The extrapolated data from the diaries enabled three days of data collection in our study and this may not have been a sufficient period of time. There is no consensus about the optimal number of days of accelerometer use to estimate weekly physical activity behaviour, although it has been suggested that a period of three to seven days provides sufficient data (25) .
There are various suggestions regarding the best placement for an accelerometer depending on the purpose of the investigation (26) . In this study no difference was observed between the two sides, indicating that measurements on one side were sufficient (data not shown). A higher daily AEE was measured at the wrists than the ankles in both groups (data not shown) and daily AEE based on the wrist accelerometers was in accordance with the diaries. Possible explanations could be that accelerometers placed on the ankles tended to miss upper body activity during sedentary behavior and that the wrist placement also measured fidgeting (27) . Comparing results of different placements are difficult and are considered inappropriate (27) . Since the cut-off points differ between accelerometer brands and depend on individual variables, comparisons of study results are hampered (28) . There are only limited published cut-off points for activity levels using the Actical at different places on children (19, 22) .
Measurement of BMR by indirect calorimetry has been regarded as more valid than calculating BMR (29), although less invasive. This study showed good agreement between the BMRm and the BMR calculated by the Schofield equation, so the BMRm may not be necessary in all settings. As the DIT only represents a small proportion of TEE, and does not show great fluctuation over short time periods (4), this study assessed TEE minus DIT and not the total TEE to be more precise, but this difference should not affect the results.
The diary we used for self-reports of physical activity has been evaluated for adolescents and not for younger children, which might have affected the result. The reason for choosing this specific method was that there was no other diary at the time of the study that had been validated for assessing daily AEE in children. Considering that this study was mainly based on comparisons of intra-individual data as opposed to inter-individual data, we assumed that it was possible to go beyond the age that the diary had been evaluated for (21) . Despite the inaccuracy of self-report instruments (17) a diary can still be used to increase the self-awareness of individual physical activity behaviour, which can also increase motivation.
A positive side effect that we experienced with the accelerometers was that physical activity could be visualised and these graphs were helpful in following up any discussions with the child and caregiver.
CONCLUSION
In this study, children with cerebral palsy were shown to have low daily activity energy expenditure. They did not achieve the recommended physical activity levels laid out in the Nordic Nutrition Recommendations, but then neither did all of the age and gender matched controls. Physical activity was overestimated in self-reports in the diaries when they were compared with ankle accelerometer measurements in both groups, but this was not the case for the wrist measurements.
